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Process of cleaning filters 

The invention relates to a process of cleaning filters, in particular membrane 
filters which are used in the purification of surface water. 

In the purification of surface water, use is being made to an increasing extent 
of membrane filters, in particular plastic membranes such as polyvinylpyrrolidone, 
polysulphone, polyether sulphonc and certain types of polyamidcs. Such membranes 
ensure an expedient removal of undesirable constituents, in particular microorganisms 
such as algae, fungi and bacteria. The problem is, however, that the membrane filters 
become blocked even after a short time so that they become unusable. The blocked 
filters can be regenerated, for example by rinsing them through in the opposite 
direction. However, that is a complicated process and no longer effective in the long 
term because the contamination accumulates. In addition, it is difficult to remove 
some persistent organic contaminants in this way. It is also known to remove the 
contaminants oxidatively, for example with permanganate or peroxides, but this is an 
expensive process and is not always satisfactory in practice. 

A process has now been found for oxidatively cleaning filters which can be 
carried out with relatively cheap agents and has very good efficiency. The process 
according to the invention is characterised in that the filter is treated with a calcium- 
binding agent and, preferably, also subjected to catalytic oxidation. 

If the pollution of the filters comprises only or essentially organic acids such 
as humic acid, one treatment with a calcium-binding agent, such as a 
polydicarboxysaccharide, in particular polydicarboxyinulin, is generally sufficient. If 
the pollution also contains a large amount of organic material containing primary 
alcohol functions, such as carbohydrates, a catalytic oxidation is also desirable, 
preferably at a pH of around 12 (10-12). 

The catalytic oxidation can be carried out, for example, with hydrogen 
peroxide in the presence of a transition metal or a complex thereof, as described in 
EP-A- 733594. A readily usable transition-metal complex is, for example, a complex 
of a polyamine such as ethylenediaminc, diethylcnetriaminc or, in particular, 1,4,7- 
triazacyclononanc (a cyclic triethylcnctriaminc) and the N-mcthylated analogues 
thereof with a transition metal such as nickel, cobalt or, in particular, iron or 
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manganese. Optionally, the transition-metal complex can be immobilised, for 
example by means of a covaicnt bond at one of the nitrogen atoms, so that the 
complex is not rinsed away and can easily be used several times. 

A still more advantageous oxidation system appears to be an oxidation with 
hypochlorite in the presence of a tertiary alkylnitroxyl compound. Such an oxidation 
is described, for example, in WO 95/07303. Usable nitroxyl compounds are, for 
example, di-tertbutylnitroxyl, but reference is made, in particular, to cyclic 
compounds, such as N-oxylpyrrolidine, -oxazolidine, -piperidinc, -piperazine and 
-morpholine, which arc substituted with two alkyl groups on either side of the 
nitroxyl group and may furthermore contain additional substitutes such as alkyl, 
alkoxy, hydroxy 1, acyloxy, oxo, halogen, nitro and the like in the ring. Examples 
thereof arc 4,4-dimcthyloxazolidine-N-oxyl (DOXYL), 2,2,5,5-tctramethyl- 
pyrrolidine-N-oxyl (PROXYL), 2£,6,6-tetramethylpiperidine-N-oxyl (TEMPO) and 
the 4-hydroxy-, 4-oxo- and 4-acyloxy- derivatives thereof. TEMPO is preferred 
because of its cost price. These compounds may also optionally be bound covalcntly 
to a carrier, for example, via the 4-hydroxyl group so that the oxidation catalyst is 
immobilised at or in the vicinity of the filter to be cleaned. TEMPO is always 
mentioned in this connection for the sake of simplicity, but the other abovementioned 
nitroxyl compounds also fall under this designation. 

The treatment with TEMPO and hypochlorite may be carried out in a manner 
known per sc, for example at room temperature or lower (down to 0°C) and at an 
elevated pH, for example between 6 and 11. The TEMPO may be present in an 
amount of 0.1-5% by weight with respect to the contamination present. The 
hypochlorite will be used in general in a small excess with respect to the 
contamination. HOC1 is added in portions to protect the membrane against excessively 
high hypochlorite concentrations. Optionally, to accelerate the oxidation reaction, a 
small amount of bromide may be present. 

The calcium-binding agent can be a compound known as such, for example 
a phosphate, such as sodium tripolyphosphate (NTPP) or a polyaminc, optionally 
substituted with alkyl, hydroxyalkyl, acyl or carboxymcthyl groups; examples thereof 
are dicthylcnctriaminc substituted with hydroxyethyl and/or carboxymcthyl groups, 
such as EDTA, nitrilotriacctic acid and the like. Polydicarboxypolysaccharides, such 
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as polydicarboxystarch, polydicarboxycellulosc, polydicarboxypcntosans, especially 
the hydrolysed (shorter-chain) analogues thereof, such as poiydicarboxydextrins and, 
in particular, polydicarboxyinulin (DCI) appear to be particularly suitable as calcium 
binders. The polydicarboxy(poly)saccharides may have a degree of oxidation of 0.1-1 
dicarboxyl group per anhydrofructose unit. Such dicarboxypoly saccharides are 
disclosed, for example, in EP-A-427349, WO 91/17189 and WO 94/21690. The 
treatment with the calcium-binding agent may be carried out at room temperature or 
a lower or higher temperature, and at a usually elevated pH, in particular of 10-12. 
The calcium-binding agent may also be a silicate or a zeolite, in which case a 
polydicarboxypolysaccharidc may serve as calcium transporter. 

The treatment with the calcium-binding agent preferably precedes the 
oxidation treatment. Advantageously, the calcium-binding agent is combined with a 
cobuildcr, such as a zeolite, which functions as final acceptor of the calcium ions. 

EXAMPLES 
General 

The experiments are carried out with a membrane module (where mention is 
made of a membrane in these examples, said module is always meant). Said module 
(a tube having a length of 30 cm and a diameter of 25 cm) contains 40 hollow fibres, 
each having a diameter of 1.5 mm; the total effective surface is 0^04 m 2 . The water to 
be filtered is passed through the fibres. Two possibilities are distinguished for the 
filtration method: 

the membrane is closed at one end (dead-end filtration), 

is open at one end (cross-flow filtration). 

The module is placed in a so-called TRX system. Said system comprises a 
reservoir (capacity approximately 10 litres), a pump and a facility for measuring the 
pressure across the filter and keeping it more or less constant. Both dead-end and 
cross-flow filtering is possible with said system. 

In order to assess the effectiveness of the cleaning process, the module is 
polluted consecutively by filtering surface water with it and then cleaning it by means 
of one or more treatments using chemicals, after which the degree of cleaning is 
assessed by comparing the initial clean-water flux (SWF) of a cleaned membrane and 
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of a virgin membrane. The flux as a function of time (the so-called flux profile) is 
also a good measure of the occurrence of pollution. After all, if no pollution occurs, it 
will be constant, while the flux will decrease in the case of pollution. In this 
investigation, the same module has always been used (unless otherwise stated) 
because the history of use of a membrane is extremely important. If necessary, in the 
case of an incomplete cleaning, a treatment can be carried out with the TEMPO 
system and, as will appear below, this will return the performance of said membranes 
to virgin level. The same surface water (Twentc canal water) has also been employed 
as much as possible. In those cases in which there has been a deviation from this, this 
is stated. 



Embodiment 1: Flux profile of a membrane using clean water and surface water 
The membrane is placed in the TRX and, unless otherwise stated, filtering is carried 
out under cross-flow conditions. The permeate flux is measured as a function of time. 
Some cases have been limited to the measurement of the initial clean- water flux 
(SWF). 

Embodiment 2: Cleaning effect of various calcium binders (EDTA, polyacrylate, STPP 
and citric acid) 

The polluted membrane is placed in a solution of a calcium-binding substance. Its 
concentration is 10 grams/litre. The membrane is regularly agitated in the solution for 
one hour. The following substances have been tested: EDTA, polyacrylate, sodium 
tripolyphosphatc and citric acid. The pH of said solutions is 9-11. 

Embodiment 3: Cleaning effect of dicarboxyinulin (DC!) and other calcium- 
sequestrating (oxidised) polysaccharides 

The polluted membrane is placed in a solution of 0.5 g/l DCI (pH 9-11). The 
membrane is regularly agitated in the solution for one hour. 

Embodiment 4: Cleaning effect of hypochlorite/bromide/TEMPO 

A solution of 35 mg of TEMPO, 65 mg of NaBr and 2 grams of HOC! in 1 litre 

dcmineraliscd water is brought to a pH of 9-11 with the aid of acetic acid. The 
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membrane to be cleaned is placed in said solution for half an hour. During the 
reaction, the pH is kept constant by adding NaOH (2M). The membrane is regularly 
moved back and forth in the solution. The course of the reaction can be followed on 
the basis of both the hydroxide and the hypochlorite consumption. 

Embodiment 5: Cleaning effect of hypochloritelbromide 

The procedure is identical to the above experiment (4), but no TEMPO is used. 

Embodiment 6: Simultaneous cleaning effect ofDCI and hypochloritelbromide 

The method is identical to (7); however, no TEMPO and bromide are added (pH 

range 8.5-11.5). 

Embodiment 7: Simultaneous cleaning with DCI and hypochloritelbromide /TEMPO 
The polluted membrane is placed in a solution of approximately 2 g of HOC1, 35 mg 
of TEMPO, 65 mg of bromide and 500 mg of DCI (pH range 9-11). Tricarboxyinulin 
forms under the influence of the TEMPO system. This material will bind calcium ions 
to a greater extent so that the calcium-binding capacity will gradually increase. 

Embodiment 8: Cleaning effect of DCI in combination with hydrogen peroxide/DCI 
and manganese catalyst 

0.5 g of DCI is dissolved in 1 litre of water, after which hydrogen peroxide is added 
up to a concentration of 2 g/1, followed by 200 [ig of an Mn complex (prepared from 
manganese sulphate and 2,4,9-trimcthyltriazacyclononane. After the pH has been 
brought to 8, the polluted membrane is placed in the solution for half an hour, the 
membrane being regularly agitated in the solution. 

Exemplary Embodiment 9: Use of DCI and zeolite as calcium -ion hinder 
The polluted membrane is placed for half an hour in a solution of DCI (0.5 g/1) at a 
pH of 12. The extent to which DCI binds calcium ions is investigated with the aid of 
a Ca ion selective electrode. Zeolite is added to the remaining solution so that the 
calcium ions present in the solution or those bound to DCI arc transferred to the 
zeolite. This experiment is repeated a number of times to demonstrate that the 
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capacity for calcium binding is determined by the zeolite present. After each 
calcium-ion complexing step, the membrane is treated with the TEMPO system. 

Results 

1.0 Characteristics of a virgin membrane (procedure 1) 

The initial clean-water flux (SWF) if demincraiiscd water is used in the virgin 
membrane is 1260 HT'nf 2 . 

The flux profile (dead-end) in the case of permeation with Twentc canal water is as 
follows: 



Time (min) 


Flux (lir 1 ™ -2 ) 


0 


960 


5 


480 


10 


312 


15 


288 


20 


228 


25 


222 


35 


186 



2.0 Cleaning of a polluted membrane (type 61 5724) with the aid, in sequence, of 
citric acid followed by cleaning with TEMPO (procedures 2 and 4) 

The cleaning of the polluted membrane with the aid, in sequence, of citric acid and 
the TEMPO system gave the following results: 

SWF (citric acid) 780 l h'^m" 2 (appreciably lower than the original flux), 

SWF (TEMPO) 1080 l-h^ nT 2 (also lower than the original flux). 

Treatment with citric acid followed by the TEMPO system gives only a partial 

cleaning and is therefore insufficient. 

2.1 Cleaning of an incompletely cleaned membrane (2.0) with the aid, in sequence, of 
DCI and TEMPO (procedures 3 and 4) 

After treatment, in sequence, with DCI and the TEMPO system, the SWF is 1260 UT 
l -nT 2 . The membrane module is cleaned to virgin level with this system. 
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3.0 Cleaning of the membrane 7A5471, polluted with Twente canal water and cleaned 
in sequence with polyacrylate and TEMPO (procedures 2 and 3) 

Note: In this experiment use has been made of another membrane. 
The SWF (virgin) of this membrane is 1530 lh^-nT 2 . The SWF (after cleaning, in 
sequence, with polyacrylate and the TEMPO system) was 840 MT'-m" 2 . Complete 
cleaning is not achieved. 

3.1 Cleaning of the membrane incompletely cleaned under 3.0 with, in sequence, 
EDTA and TEMPO (procedures 2 and 4) 

After cleaning, in sequence, with EDTA and TEMPO, the SWF is 1530 WT^nT 2 
It is clear that complete cleaning to virgin level is now achieved. 

4.0 Cleaning of a polluted membrane with the aid of HOCl/bromide (procedure 5) 
The SWF of the virgin membrane is 1260 lh^-nT 2 while it is 1020 Mi" 1 ™" 2 after 
cleaning with HOCl/Bf. Complete cleaning is not achieved with this system. 
The SWF after cleaning, in sequence, with DCI and TEMPO is 1260 l-h^ nT 2 
(according to procedures 3 and 4). The membrane has been cleaned to virgin level 
with this system. The flux profile (dead-end) for permeation with Twente canal water 
is as follows (procedure 1): 

Time (min) Flux (l h^ nT 2 ) 

0 1260 

25 210 
The flux profile after cleaning is virtually identical to that of a virgin membrane (see 
1.0). 

5.0 Simultaneous cleaning of the membrane with hydrogen peroxide and DCI 
After pollution according to exemplary embodiment 1, the membrane has been treated 
with hydrogen peroxide and DCI (procedure 8). After this treatment the SWF is 1260 
MT^nT 2 , from which it is evident that complete cleaning has been achieved. After 
cleaning with DCI alone, the SWF is 1170 l-h^ nT 2 and after treatment with 
peroxide alone, it is 700 MT^nT 2 N.B. The treatment with peroxide alone has been 
carried out on another virgin membrane, whose SWF was 1530 l h" 1 m~ 2 . 
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6.0 Cleaning of the virgin membrane 7A5471 with DCI followed by TEMPO 
(procedures 3 and 4) 

The flux profile (dead-end) for permeation with Twente canal water using another 
type of membrane is as follows (procedure 1): 



Time (min) 


Flux (l h _1 m- 2 ) 


0 


960 


5 


456 


10 


294 


15 


240 


20 


240 


25 


210 


35 


180 



6.1 Cleaning of membrane polluted under 6.0 with DCI followed by the TEMPO 
system (procedures 3 and 4) 

For treatment, in sequence, with DCI and the TEMPO system, the SWF was 1530 
Ih^-nT 2 and is identical to that of a virgin membrane. 

6.2 Cleaning with the TEMPO system followed by DCI (procedures 4 and 3) 

If oxidation and calcium binding are used consecutively, the SWF is also 1530 l*h~ 
^nT 2 . It can be concluded that the sequence in which these two important cleaning 
steps arc carried out yields no differences. 

7.0 Simultaneous cleaning of the membrane 665724 after dead-end pollution with 
Twente canal water with a solution of hypochlorite and DCI (procedure 6) 
The SWF of the virgin membrane was 1260 lh^-nT 2 After pollution with Twente 
canal water and after cleaning with HOC1 and DCI, it was 340 WT'-nf 2 In the case 
of this system, cleaning is therefore far from complete. 

After this membrane had been cleaned with the combined DO/TEMPO system 
(procedure 7), the SWF was 1260 MT^nT 2 , which means that the membrane has 
now in fact been completely cleaned. 
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8.0 Filtration with untreated and prefiltercd (G2) Twente canal water 

The flux profile (dead-end) for permeation with untreated (i.e. unprcfiltcred) Twente 

canal water is as follows (procedure 1): 

Time (min) Flux (l h _1 m" 2 ) 

0 1020 

2 660 

5 420 

10 300 

15 240 



8.1 Cleaning, in sequence, with EDTA and the TEMPO system (procedures 2 and 4) 
SWF (virgin) 1530 l h _1 m" 2 

SWF (after cleaning with EDTA and then TEMPO) 1530 lh -1 nT 2 
The membrane polluted according to 8.0 was cleaned to virgin level. The membrane 
was then polluted with prefiltercd Twente canal water (G2) according to the flux 
profile below (procedure 1): 

Time (min) Flux (l h _1 -m" 2 ) 

0 1020 

5 420 



With Twente canal water there is no difference in flux profile between untreated and 
prefiltercd canal water. 

9.0 Cleaning of the membrane 615724 polluted with Beatrix canal water 

The flux profile (dead-end) for permeation with Beatrix canal water is as follows 

(procedure 1): 

Time (min) Flux (lh~ l m~ 2 ) 

0 1140 

5 696 

10 510 

16 420 

25 390 
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This profile therefore differs somewhat from that of Twente canal water. The SWF of 
the virgin membrane was 1260 l h _1 m" 2 and after cleaning with the TEMPO system 
it was 1260 l-h _l m~ 2 . This membrane, polluted by filtration of Beatrix canal water, 
has also to be cleaned to virgin level using the DCI/TEMPO system (procedures 3 
and 4). 

9.1 The flux profile (dead-end) for permeation with Beatrix canal water of the 
cleaned membrane is as follows (procedure 1): 

Time (min) Flux (l-h -1 ™ -2 ) 

0 1620 

5 900 

15 600 

22 510 

10.0 Cleaning of a polluted membrane module with re-use of DCI and TEMPO 
reaction liquid (procedures 3 and 4) 

A membrane was polluted 5 times consecutively with Twente canal water and cleaned 
with the TEMPO system, use being made of the same solutions (dicarboxyinulin and 
TEMPO/NaBr, respectively). If necessary, a suitable material (DCI or hypochlorite, 
respectively) was added to the solution to maintain the capacity. The results arc 
summarised in Table 1. 



Table 1 



Run 


SWF (l h _1 m" 2 ) 


Note 


1 


1500 




2 


1450 




3 


1080 


HOCl appeared to be consumed. 
HOC1 was topped up to 2000 ppm 


4 


1450 




5 


1450 
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The same experiment was carried out under the same conditions, but zeolite (1 g/l) 
was added to the DCI solution in order to bind the calcium bound to the DCI by 
means of ion exchange (procedure 9) (see Table 2). 



Table 2. 



Time 3 


F(l) b 


F(2) 


F(3) 


F(4) 


F(5) 


F(6) 


F(7) 


F(8) 


0 j 


1440 


1410 


1440 


1440 


1395 


1410 


1440 


1395 


2 


1080 


1080 


1050 


1050 


1050 


1020 


1080 


1080 


5 


780 




735 


720 




660 


600 


600 


10 


585 


570 


570 


570 


570 


490 


500 


540 


25 


255 


255 


255 


255 


255 


255 


255 


255 



a. Time in minutes 

b. F(l-8) = flux profile after cleaning (in HT^m" 2 ) 

The calcium-ion concentration in the DCI solution was much lower than 

1CT 8 M During the cleaning steps, it is seen that this increases to approximately 10~ 6 

M. However, treatment with zeolite causes the C Ca to drop again to < 10" 7 M. 

The membrane was cleaned for half an hour with the same solution of DCI (0.5 g/l). 
The initial concentration was < 1(T 10 M Ca. After cleaning, the calcium-ion 
concentration was approximately 10~ 8 M. The calcium-ion concentration 
(approximately 10"* M) had increased after treatment to approximately 10~ 7 M. After 
treatment with zeolite, the C Ca decreased to 10" 8 M. Treatment with the same 
solution of DCI (0.5 g/l) for half an hour caused the calcium-ion concentration to 
increase again to 1(T 7 M. The calcium-ion concentration increased to 10~ 6 M, but it 
had decreased again to 10~ 8 M after treatment with zeolite. 
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CLAIMS 

1. A process of cleaning filters for water purification, characterised in that the 
filter is treated with a calcium-binding agent. 

2. A process according to Claim 1, characterised in that the filter is also 
subjected to catalytic oxidation. 

3. A process according to Claim 2, wherein the catalytic oxidation is carried out 
by treatment with hypochlorite in the presence of a di-tertiary nitroxyl compound. 

4. A process according to Claim 3, wherein the di-tertiary nitroxyl compound is 
2,2,6,6-tetramcthylpiperidine-N-oxyl. 

5. A process according to Claim 2, wherein the catalytic oxidation is carried out 
by treatment with hydrogen peroxide in the presence of a complex of a transition 
metal with a cyclic polyamine. 

6. A process according to one of Claims 1-5, wherein the calcium-binding 
agent is a dicarboxypolysaccharidc, a phosphate such as tripolyphosphatc or a 
polyacylamine, such as EDTA or NTA. 

7. A process according to Claim 6, wherein the dicarboxypolysaccharidc is 
dicarboxyinulin. 

8. A process according to one of Claims 1-7, wherein a zeolite is also used. 

9. A process according to Claim 8, wherein the filter is a plastic membrane 
filter, in particular, a polysulphone or polyethcr sulphonc membrane. 

10. A process according to one of Claims 1-9, wherein the filters are filters for 
the cleaning of surface water. 
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